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UNITED STATES PATENT OFFICE 
.GAS TURBINE  IUEL REGULAOR 
IIANU-L AND: TEEATURE 
SPONSIVE. S TO 
Pul XV. WYcR; DRyton Obit, ssigno» to 
Chrler Cbrp0ztidn, Iighld'Pk, 
corporation o£Delwre 
1 C (CI. 603S28): 

This- application relaes to 
buner: More spcific,aii- d-laes ocontrolilng 
a burner adapte.d to SUPPly prodCts Of Comb=- 
on driving a gs turb%ne. 
An object of the present inenton is-to po- 
vide a system maintáig a Predetermined temr 
perste for hot-gases driving a ga$ tbe.. 
Thene is, some _difficgy with a direc tempera- 
ture contzol by which a devie measj dioEly 
the hot gas temperaturé Lvfl rëgaeths 
Perature. is tëeratb 
varies consîderablY. THUS Such a de$ice ust 
Sble towithstand the erY high hot-gäs retapera- 
tare an siH be flexible eough .rb eshoRd fo 
its wde ,variai0ns I have invened£ - sstem 
whereby the maintenance of the h0trgas temr 
Pezatuze is based on the teperat.e of aïr en- 
tering a bner pzoducgJthehot.,Ses: The.- 
teringir tdmperatue ïs Iower ad is elatï#èlY 
g0nstnt, for this -tempezatoEea satisfactory 
measuring deicë is more asilF obtainoE ... 
A £tHer objgct is td p5vidë  Contol r.esp 
sive to the h0trgas tem, pedure .its.f 0räctïng 
in conjunction with the coRtol( 
termg tëmperturë. e hot:gatmoEà - 
tm'e contro vhli be opeti#e ff that temp:a- 
ture. becomes .excessive for .an ressort. 
Ano.ther 0bjec of the invention i t-5-.associate 
thse, contr0 :with ádarburetor .prop0rti0nihg 
fuel and air fiowing to the butter, whërëby:he 
controls appopriatly Sdy the 
of fuel andair. " 
Stfll 0ther obj¢ct ,is fo, .pzovide  Svo 
mechanïsm for operaingkrultdr:or 
of liquid such s fel, which sevo mechaRism 
isei operaes on he liqd 
This se0 .mechm may be è .t0. 
a.fiow.reuator émplyé o bopdrtionfel,a 
air/suppiiéd t.a bufne poducing .ht aesi0r 
 R turbine.  
Othe obJècts will appear frmm..the dcl0sure. 
 he drawins: 
g] ï fS a.parially azammatic-view show- 
in ]a pw Plan"includin 
Which-the oeçtl  th :prese rit inntione 
çown- b appied; 
Fig. 2 is a vie«.paztially in section .sh0wing:the 
apiic, ation f he. contros of ..the present .vnr 
tion to a fuel-and-aiz-meterin device; :and 
" ig. 3 Shows the use 0f controls-of the PZsent 
ention appHed tp_a fueNand.airmtern der 
vice of another te. 
. i shows. .power p!at ..for. drivin  an..ai 
plne..properller.  0..-The p0wer plntcompzises 

the-compressor, a plurïflitF of:btR'ners 13, anc , 
g lJflrlinè f. The: ,tbie. I is ien:b 
hot_ gses'prodde: bY:the  bbbustion of  fiel: 
and:ïr in thë:bhnes  13; an drfes, thec0m- 
5 pressor I I, thrdh ,opritë condcting meahs 
represented- by the:dfèrénd:eCter 
comressor .I I-, whih mbe d'thë xil te,, 
draws in air  it - !eft' end.'th,ro-scODs 
Compressed. ir is deRveëd frm: the:rig e. 
10 of the comprêsso.l:J i cSndi ehs: i-? wh. , 
Tsè cmrss ir,"follows 
though te rêg:ee.tor 12. nd iS trehè£ed- 
y exhaus gseg: p:aSsing frsm:-te s 
15 i4 thgh cuit es 1.8:o. e:regeertor 
12. Hege comçese:'i:r' s ':fo- tfië e-. 
generçór l 2 houh- Cd% es 
encÏ0sé the bner- 13  "Edh bnèr 
of  fuel nozlë:2.O àd " h':ub 2t 
20 in its intermitë-0ton-, o ësté 
like sectiona22,: «hich Deit e :.ir6 
throg .thWtube Wn to.te b!es 
ubeS  21 ,e, curea..t- heir es o 
strems of hot ges fomed in e i3: 
 tow: he ead of e. gS urmë.: l 4, wHh [ 
posiiòe:d" Whin the: bes: I-3 o 'o. 
pesor reeAerat, burne,  nd gas te, 
refèrene i ade iO:hdopnhgçaiic£bhf  
o stge, gd Wmims :Ser£ 6 
0£.the burne :tubes 2] Wïta  ïhé 
35 ïS:Sï3: éd Dbçember 12, : .... 
-.e: c0mpres0r 1]:. Whlch.s,.b 
propeller i0 ismdted. fi:hëp{lef 
 drien fromhé g turbine 
cldes pztS çSp0nsf:é to 
45 ëHer ,tï-iS :digzmmaticily ,il!tzited" :r-. 
through  
1 dividr 29 is 
5o  g.s t $3 to  Cqnit 
pumP ,5. -rom th9 .trasfr ,mp,$,5 :{v ïl 
ence the:fBel-poçees :by-waF:,of:..çQD 
to the !el,diyier:9., 
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a plurality of controls. In the conduit means 
is positioned a plurality of elements 39 responsive 
to temperature of the air passing from the 
generator 2 to the burners 3. The tempera- 
ture-responsive elements 39 exert a control over 
the fuel-metering device 37 diagrammaticaly 
illustrated in Fig. i by the line 4}. Each air scoop 
{} carries conventional elements 4 and 42 
measuring the rate of air flow through the scoop; 
the air pressures acting upon these elements are 
transmitted to the fuel-metering device 37 by 
lines 43 and 44. Adjacent the inlet to the gas 
turbine |4 is a temperature-responsive element 
4§, which measures the temperattu'e of the gases 
entering the turbine. This temperature element 
4§ acts through a means diagrammatically illus- 
trated by the line 4{} leading to the lines 43 and 
44 to modify the air pressures transmitted from 
the air measuring elements 4 and 42 in the air 
scoop {}. The various controls just described as 
acting upon the fuel-metering device 37 wfll now 
be described in greater detail. In Fig. 2 the fuel- 
metering device 37 is seen to include a body 
having a large hollow end 48 divided into a plu- 
rality of chambers by diaphragms 49, {}{}, and 
The effective area of the diaphragm {}{} is shown 
to be considerably larger than that of each of 
the diaphragms 4{} and § , and may, for example, 
be twice as large. The diaphragm 6{} bas an 
orifice {}{} at its lower side. Contactors 62 and 
63 are attached to opposite sides of the central 
diaphragm 6{} at its center so as to abut the 
diaphragms 49 and 6|. An intermediate portion 
of the body 47 bas a chamber {}4 in which is 
mounted a servo-container {}{}. This container 
is formed of mating halves 6{} and 67 of approxi- 
mately concavo-convex shape. The container 65 
is secured to an intermediate wall of the body 
47 by means of a plurality of bolts 68, only one 
of which is shown. The container bas a tubular 
extension {}9 pçojecting to adjacency with the 
diaphragm 6 and providing an outlet from the 
container. The container ourlet is variably re- 
stricted by the diaphragm {} , depending upon its 
position. The container {}6 bas an inlet 
registering with an auxiliary fuel passage 
formed in the body 47. The auxiliarF fuel pas- 
sage {} branches from a main fuel passage {}2 
which leads to a regulating orifice or valve formed 
of a sleeve valve {}3 and a piston valve {}4 posi- 
tioned within the sleeve valve and cooperating 
with it. The right end of the sleeve valve {}3 is 
slotted as indicated at {}{} and engages a rein- 
forcement {}{} attached to the container 66. The 
left end of the sleeve valve {}3 is enlarged and 
flanged as indicated at {}7 and is engaged by a 
coil spring {}{}, which acts between the said en- 
larged end and one end of a chamber {}9 formed 
in the body 47, to urge the sleeve valve {}3 to the 
right against the container 66. The sleeve valve 
{}3 bas an opening 7{} in connection with the main 
fuel passage {}2 in the body 47 and openings 7| 
and 72 which are opposite an annular recess 73 
formed in the body 47. From one side of the 
annular recess 73 extends a passage 74 at which 
the line 38 leading to the burners is attached. 
From the other side of the recess 73 there extends 
a control line 76 to a bypass valve 7{}. This by- 
pass valve comprises a body 77, a diaphragm 75, 
a needle valve 79, and a spring {}{}. The valve 7{} 
is arranged to relieve a pump {} , which may be of 
the gear type as shown. The conduit 82 leads 
from the gear pump 8| to the main fuel passage 
{}2 in the body 47. A line 83 goes from the con- 
duit 82 on the pressure side of the pump {} fo 
the bypass vlve ]{}, and a line {}4 goes from the 

,99,07 
4 
valve 76 to a conduit {}6 leading t0 the intake of 
the pump 8. The pressure in the control line 7{} 
leading to the relief valve 7{} controls the pressure 
in the line {}3 a which the valve 7{} will bypass. 
5 The less the pressure in the line 76, the less the 
pressm'e in the line 83 need be in order to lift 
the needle valve 79 ri'oto its seat for causing 
passing by overcoming the resistance to lifting 
of the needle valve imposed by the pressm'e of 
I0 the line 75 and diaphragm 78 and the pressure 
of the spring ,{} upon the diaphragm. The pres- 
sure in the control line 76 is in turn dependent 
upon the drop in pressure produced by the re- 
striction offered to the passage of fuel through 
i5 the opening 72 in the sleeve valve {}3 by the piston 
valve {}4. 
In the conduit S{} is placed means forming 
metering orifice S{} for the fuel passing through 
the conduit 8{}. Lines 87 and {}8 lead from the 
20 conduit $6 at opposite sides of the metering orifice 
{}{} to the two outer chambers in the enlarged end 
4S of the body 47, transmitting two different fuel 
pressures to the diaphragms 49 and {}|. The fuel 
pressures acting against the diaphragms 49 and 
  are opposed by air pressures within the dia- 
phragms 4{} and {} transmitted through lines {}9 
and 9{} leading from pressure-sensing elements 
4  and 42 in each air scoop | {} as shown in Fig. 1. 
Line 9{} bas a variable orifice 9| controlled by a 
0 needle valve 92, in turn controlled by nitrogen- 
fllled bellows 93, which increases in size and pro- 
rides further restriction of the opening {} with 
decrease in air density, thereby providing a 
density compensation to the air pressure trans- 
ie mitted fo the diapin.agms {}{} and {}| through the 
line 9. The orifices {}{}* and 9  combine in action 
to determine an actual difference of air force 
acting on diaphragm {}{} for a given air-flow rate 
in line {}. The bellows 93 is mounted in a hollow 
, member 94 which forms part of the line 89 lead- 
ing from the pressure-sensing element 42 to the 
diaphragms. Bypass lines 96 and 9{} lead from 
the lines {} and {}{} to a compensating device {}7 
which includes the element 46 responsive to rem- 
.15 perature of hot gases entering the gas turbine. 
When this temperature exceeds a predetermined 
value, a bellows 8 forming part of the element 
46 expands sufliciently under the action of a 
fluid within the element 45 to cause a piece 
5,: to contact and lift a valve {}{}. This places ihe 
 lines 96 and 9{} in communication with one 
another and tends to equalize the pressures in the 
lines 9 and 9{} leading to the diaphragms. Thus 
the air signal fo these diaphragms is reduced. A 
55 spring || urges the valve {}{} to closed position. 
The element 3{}, which bas previously been de- 
scribed as responsive to the temperature of the 
air going from the regenerator 2 to the burners 
3, is shown in Fig. 2 to comprise a part |{}2 ex- 
c0 posed to the stream of air passing from the 
generator to the burners, a bellows |{}3, and a 
line |{}4 connecting the part |{}2 and bellows |{}3, 
and fluid contained in these members for expand- 
ing the bellows {}3 as the temperature of the ah" 
65 stream from the regenerator 2 increases. The 
bellows {}3 acts against a valve rod |{}4 carrying 
a head portion |{} adapted to vary the restriction 
of an opening {}{} formed in a valve seat 
formed in a fltting 7. Lines |{} and {}9 lead 
to the fuel conduit 6 et opposite sides of the 
7O 
metering orifice 8{}. Diaphragms  {} and | | | 
mounted in the fltting |{}7 keep fuel reaching the 
fltting {}7 by way of the lines {}{} and {}{} from 
escaping endwise of the fltting |{}7. 
It will be seen that the orifices 8{} and |{}{} are 
75 in parallel with one nother and that fuel may 



pass tlïrough both of them. The orifice |06 is 
decreased in size as the bellows |OS expands in 
response fo an increase of temperature: of air 
pasing frora the regenerator |2 to the burners 
3. if may bé considered that the orifice 86, pre- 
viously described as being, a metering orifice and 
the orifice |06 may be 2enerally jointly con- 
sidel'ed as combining to form a meering orifice. 
This dombined metering orifice varies in size in 
inverse proportion to the temperature of the air 
leaving, the regenerator |2, since the orifice |08 
varibs- in this way, and the orifice 80 is shown to 
be fixed. 
The operaion of the apparatus thus fal de- 
scribéd will now be set forth. Fuel travels from 
the 2"as tank 33 through the transfer pump 38 
to the orifices 88 and | 08. The rate of fuel fiow 
past tlese orifices is measured by the lines 87 ' and 
88  wtiich trsnsnïit two different prgssUres fo the 
outer sides of the diaphragms 9 and 6|. If the 
air fiow is proper for the fuel fiow, thon the three 
diphragms 49, , and 8] will have a certain 
position determining a certain restriction of the 
outlet from the container  by way of the tubu- 
làr extension 9. The pressures transmied in 
the air scoops |6 by way of the elements 8 and 
2 and the lines 80 and 0 will have a difference 
appr0priate for the difference in fuel pressures 
transmitted ttirough the lines 8] and 88 fo the 
outer sides of the diaphragms 9 and |, the dif 
fererce in area between the diàphfagm  and 
each of diaphragms 9 and | Providing the 
requisite compensation. Thus with the air fiow 
matching the fuel fiow as stated, the resultant 
positi0ning of the diaphragms 89, 8, nd $, as 
shown, causes the diaphragm | fo provide the 
af0resaid certain restriction of the outlet in the 
tubular extension  of the container . Thus 
the container 8 bas an amount of expansion de- 
termined by the fuel fiowing into the container by 
way of the passáe | and the inter 8S and the 
ameunt of ourlet restriction provided by the dia- 
phram 5 to the tubular extension 5S. Accord- 
ingly, the coïtainer 5 makês the valve sleeve 88 
assume a position with respéct.to the piston valve 
4, nd the ámount of restriction provided at the 
openin | in the valve slêeve 63 lots the proper 
amount of fuel flow throuh the conduit line 3e 
to the burners. 
if now the rate of 9if fiow through the scoops 
| changes, for example, decreases, then the dif- 
ference.0f the pressures sensed by the elements 4  
and  décreases. Thus in effect, the pressure 
transmittéd by the line 08 to the left side of the 
mddlé d{aphram S0 decreases with respect to 
the pressure transmitted by the li.ne 3S fo the 
right side of the diaphragm 0. Accordingly, the 
thïee diaphragms will more to the left increasing 
the restriction to the ourlet from the container 
55 by way of the tubuar extension , since for 
the moment, the differencé in fuel pressures 
transmitted by the lines 87 and 38 has remained 
the saine. Increase in the restriction of the out- 
!et from the container S expands the container, 
thereby causing the valve sleèvè 03 fo more to the 
left .and the restriction of the 0pening | in the 
valve sleeve SS fo increase. Thus less fuel fiows, 
and the fuel-pressure difference transmitted 
threuh the lines 8 and  fo the diaphragms 4S 
and 6| decreases. Finally, the final fiow will be 
appïopriate for producing a fuel-pressure dif- 
ference efectively matching the air-pressure dif- 
ference .transmitted to the diaphragms from the 
sensing elements | and , and the diaphragm 
movement stops, fixing the restriction.of the .out- 

let of- h conainer  the.size' of th.-contatnerÆ 
the:pOsition of. ttie sleeve O and the size:ofçtha 
opening, therein. 
If the air fl0w in the scoops   increases:.from 
5 what, it was at the st dcribed contion, the 
the différence in pressures tranitted by the 
lines 9- and $ fo the diaphra2ms increases oer 
watit was at the first describ condition, ca- 
ing te three diaphrag te move t« the  Aght 
10 from the position shown, in Fig. 2,..r.espe¢tive. of  
the first describd condition. Thus. the 
tion of the escape opening of the  servo-eontnez 
S is decreased, the oentainer collaes, the:steeve.- 
valve 3  moved fo the right undez the aioa 
15 of. the coil sprin , and the effective .opening ,of 
the valve port ïl in the slave vale 6 la in, 
creased. Tus. there is àn increase.in . fuel 
floW hic is réflected as an increase in fuet.  
pressure difference transmitd by the lne 
20 and $8 to the diaphràs  9. nd. , 
about .a new position, of the eqflibrïum. T- 
new position will be somewhat to the ight. 
that shown in g. . 
Let us now consider the effect of thedensiF 
25 compensation betlows SS. If the densi.ty: 
creuses, for example, at inCreased alide, the 
actual weil]t of a fiowin through the ar 
sco0ps   wfll decrease for a giron rate of.vo%um 
fioW. If the actual weight o air dec:eases, 
30 te weight of fuel should decrese te poduce 
predetermined tem9erature of ot gases.ëntedn 
the turbine. Hdwever, i there is no deease: 
volume of air fiow, there is no decrease in 
sè dierences transmtted through the 
35 ments l and 4, which pressure derence-d. 
termines the ra of fuel fiow. e bellows 
causing the contoured neee valvè . te restriet 
the orifice in the ]ne S provides a compea%ion " 
for the deorease in .density air fiowng throgh 
40 the scoops 16. As the air density decreases, 
bellóws 3 èxpand, caing the needle valve9 
increase the restriction in the line . Thus ,the 
pressée finally transmitted by the line 98 .to the-. 
left side of thè diaphragm Sg. is less tan te 
.. pressm-e sensed by the element ] The resuttant 
decease in pressure transmitted produces àn 
pröpriate decrease in pressure difference acing 
upe the bellows, and this appropriate decrease 
pressure difference acting on he diaphram pr 
0 duces an appropriatedeorease in fuel fiow. 
The element 5 reonslve o tempèrate 
hot gáses entering the turbine I cornes ïnto 
t0n only when this temperature exceeds a prede  
temined value. Af this rime, as 9reousty:de-- 
 scribed, the bellews 8 causes the part 9 fo li.ft 
the valve 0 from its seat. Th the lines 9S and 
6 .are placed in communication, and there  
tendency fo equalize the -pressure  the lines-8 
and 9, dependent upon the restriction -in the 
oo commucation between the lines SS and 
offered by the vlve I g0. is tendency toward 
equalization of pressures in the lines 89 and 
means a decrease in-difference in air pressures- 
transmitted to-the diaphras-9, , nd 
3 from thé differenCe-in presses sensed by-thè 
eemen  and . Thus thefuel fiows appro- 
priately reduced fo bring the t]perature of 
gases entering the urbine don fo the desired 
value. 
%ïo Let  now coider the effect of change in the 
restriction of the orifice 8 by sfting of the 
valve SS  response .change  tempera£ure of 
air passing from the regeneralor  o the turn- 
ets . Let us ssume that .the temperte 
ï5 ar delivered fr the regenerator  
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for such a reason as improvement in regenerator 
eflïciency or increase in temperature of air enter- 
ing the compressor through the scoops 16. The 
air reaching the burners 13 must now be heated a 
fesser amount fo produce a predetermined tem- 
perature ai the entrance fo the gas ttu'bine. 
Thus the rate of fuel flow should be decreased for 
a given rate of ah" flow. This is accomplished by 
the temperature-controlled orifice I06. Increase 
in temperature of air coming from the regenera- 
tor ! 2 .causes the bellows ! ! 3 to expand and there- 
by.-to more the valve 09 nearer the seat 9 
Thus the restriction of the orifice I6 is increased, 
and less fuel flows through the line 89, since the 
size of the orifice 86 is kept constant. The total 
effective restriction provided by the oriflces 86 
and 9 is increased, and thus to maintain a giv- 
en difference of fuel pressure transmitted through 
the lines 87 and 88 of the diaphragm fo balance 
a.continuing difference in air pressure transmit- 
ted to the diaphragms representative of a given 
air flow in the scoops 9, the rate of fuel flow 
must decrease. 
.Angular position of the piston valve 9 is con- 
trolled by a pilot-operated arm ! 12. Within cer- 
tain limits the position of the arm li2 bas no ef- 
fect upon the temperature of the gases going to 
the turbine, but beyond this limit there is some 
effect. It will be observed that the piston valve 
6 bas an inclined land at the openings 7 and 
72 in the valve sleeve 93, which through an 
gular shift of the valve 9 by the arm  2 changes 
the size of the valve oponings 7! and 72 for a 
given position of the valve sleeve 93. Suppose, 
for example, that the angular position of the 
valve 6 is changed so as to provide a reduction in 
the size of the openings 7 ! and 72 for a given 
sition of the valve sleeve 63. Then less fuel will 
fiow, the fuel pressure difference transmitted 
through the lines 87 and 88 to the diaphragms 
will be less, and the diaphragms will move fo the 
right, thereby decreasing the restriction of the 
outlet in the container 9. This permits the con- 
tainer to collapse fo a certain extent, the spring 
68 moves the valve sleeve 63 fo the right, and the 
openings 72 and 73 in the valve sleeve 63 are 
creased in size. Thus the fuel fiow is returned fo 
the original value it had belote the valve 6 was 
angularly shifted by the control arm !2. Since 
the fuel flow remains the same (and if bas been 
assumed that there bas been no change in air 
fiow) there is no change in the temperature of 
the gases going fo the turbine. If the valve 9 is 
shifted farther through the control arm 2 to 
provide further restriction of the oponings 7 ! and 
72 in the valve sleeve 93, the servo-container 
will further collapse. Eventually a point will be 
reached at which the sleeve valve 93 can no 
longer follow the container 99 as it collapses, 
because the fiange 97 on the valve sleeve 63 bas 
come into engagement with the right end of the 
chamber 69. Beyond this point, decrease of the 
valve openings 7! and 72 through angular shift- 
ing of the piston valve 6 by the control arm I! 
is permanent in the sense that the sleeve valve 
63 can no longer shift fo compensate for the 
shift of the piston valve 94, and thus there re- 
sults a correspondingly permanent reduction in 
the flow of the fuel and a reduction in the tem- 
perature of the gases fiowing to the turbine. 
There may be also an adjustment of the tem- 
perature of the gases fiowing into the turbine 
through a replacement of the means forming the 
metering orifice 89 by a new means forming an 
orifice of a different size. If the new orifice 
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larger than .the old one, the fuel flow there- 
through will be greater for a given pressure dif- 
ference transmited through the lines 87 and 
the fuel-air ratio will be greater, and the retaper- 
5 ature of the gases reaching the turbine will be 
increased. If the new orifice is smaller than the 
old one, the opposite effect will take place; the 
fuel-air ratio will be decreased, and the temper- 
ature of gases entering the turbine will be de- 
10 creased. 
Fig. 3 shows another form of apparatus to 
which the inventive principles of the present ap- 
plication are applied. Reference character ! 
designates a body which may be formed of sev- 
15 eral parts and through which fuel is passed for 
regulating purposes. A velocity-pressure-sensing 
element ! 9 is positioned in an air line, for ex- 
ample, the scoop 19 leading to the compressor 
! . A line ! ! 6 connects the element ! !'9 with 
 the body !|, the line 9 having an opening 
!a fo an air chamber !7, formed in the body 
!  below a diaphragm 122. Animpact-pressure- 
sensing element 8 is also positioned in the 
aforementioned air line. The element 8 is 
25 shown fo be formed fo be part of the body 
and includes a pressure-componsating nitrogen- 
filled bellows  8 mounted on the inside of the 
top of a container . Bellows 18 a contains 
nitrogen at some pressure dependent on condi- 
30 tions such as the spring rate of the bellows and 
compensates for temperature and pressure. The 
bellows ! Sa contracts with pressure and expands 
with temperatur.e, and therefore, assumes  PO- 
sition dependent on density, which is proportional 
35 to ratio oï pressure fo temperature. A valve 
is connected with the nitrogen bellows 18 and 
is adjustably positioned by the bellows fo estab- 
lish a restriction in a line 2[} transmitting the 
signal received by the pressure element 8 to 
40 an air chamber 2 ! formed in the body !  above 
the diaphragm 22. Mounted within the body ! 
is an air diaphragm 22. The pressure of air 
sensed by the element 8 is transmitted to the 
upper side of this diaphragm, and the pressure 
45 sensed by the element !9 is transmitted to the 
lower side of the diaphragm. Whenever air is 
fiowing, the pressure on the upper side of the 
diaphragm 122 will be greater than the pressure 
on the lower side thereof, and the difference in 
50 these pressures is a measure of the square of 
the air fiow. The diaphragm 22 is held between 
a collar 12 and a ribbed disk washer 
mounted upon a rod 129. Above the washer 
collar 123, above which is a diaphragm 129, which 
55 is secured fo bridge portions 127 of the body ! 
by screws 128. The collar 123 and a collar 
clamp the diaphragm 126. The collar 12 bas 
a recess receiving a nut 13[} having threaded en- 
gagement with the rod 129. The bridge portions 
0 127 are connected by a cover 13! which extends 
over the top of the rod 129. Clamped between 
the diaphragm 129 and the bridge portions 
is a guide 132 having a fiange 33 in which the 
collar 129 Slides. The diaphragm 129 is retained 
65 in a fianged support 13, which is clamped to 
the bridge portions 27 by the screws 128. The 
collar 12 rests in a diaphragm 139, which closes 
an opening in a wall 39 dividing the body into 
an air section and a fuel section. Bolts 137 se- 
7o cure the diaphragm 139 to the wall 139. These 
bolts also support a guide 138 having a fiange 
receiving a collar {}. Collar I[} holds a dia- 
phragm 14! against a ribbed disk washer 
which rests against a shoulder 12 on the rod !29. 
75 The various diaphragms and collars just de- 
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.scribed are.held clamped between the shoulder 
$42 on the .rod 25 and the nut 130 engaging the 
upper threaded end of the rod 25. The dia- 
phragm 4 divides the fuel section into a me- 
tered,uel chamber 4 and an unmetered-fuel 
chamber 43. The lower end of the rod 2 is 
formed, as a ball 4, vhich is mounted in. a con- 
necting means s, which also mounts a ball 
 b on the upper end of a rod 5. The lower 
end of the rod 45 bas a threaded portion 
and a slot 40 for adjusting purposes. The 
threaded portion 7 engages a movable inner 
sleeve valve 9, which is slidably mounted in a 
fixed outer sleeve valve 8. The valves 49 and 
58 comprise an adjustable reguYating orifice 
The outer valve Ohas an inner annuler re- 
cess 5, an outer annular recess 52, and con- 
necting -adial openings 3. As shown in Fig. 
the inner valve 49 partially overlaps the inner 
.recess 5 of the outer valve so as fo restrict the 
openings formed therein. The outer annular re- 
cess .52 of the.outer valve 8 is in registry with 
an annuiar recess 4 formed in the body 
The recess 54 is in communication through 
means hot shown, with a supply conduit 
Fuel cornes from a fuel tank 5 to s booster 
pump 7, which may be of the centrifugal type. 
Thence it proceeds by way of conduits 0 and 
9 fo a transfer pump 58, which may be oï .the 
rotary sliding vane type. The pump 5} delivers 
fuel through the conduit 55 to the recess 
in the body 4. Thence the fuel proceeds 
through the regulating orifice formed of the 
.sleeves .9 and 50 to the unmetered-fuel cham- 
ber 44 in the body   below the diaphragm 
The unmetered fuel chamber bas two outletsfor 
fuel fo the metered-fuel chamber I4S, compris- 
ing orifices 5 and 5s formed in-a wall 
The effective size of the orifice 5 is controlled 
by a needle valve 52, the longitudinal position 
of which is adjustable for variation of the size 
of the orifice 51. The needle valve 52 bas a 
threaded portion 55 , which is engaged by an 
lnternally threaded portion on a gear 4, which 
is held against conjoint axial movement with the 
needle valve 2 by a supporting means @, 
which embraces the gear @4. The needle valve 
52 is held against rotational movement by means 
of a square hole in the casing 4 and a square 
portion on the needle valve, which is received by 
the square hole in the casing. The gear  is 
driven by a gear 15, in turn driven by  servo- 
motor .7. The gear @5 also drives a gear 
controlling a potentiometer 5S. The servo« 
motor @7 and the potentiometer 8 are suitably 
connected by wires with an amplifier 9, wlich 
is supplied by an electrical source of power 
The amplifier receives a suitable electrical sig- 
nal through means  7  from an element  72 posi- 
tioned so as fo be responsive to the temperature 
of air fiowing to burners supplying a gas turbine. 
For example, the element 72 may be positioned 
between the regenerator 2 and the burners 
in he conduit means 9 in the location of the 
temperture-respònsive element S of Fig. 1. 
The needle valve  regulates the fuel orifice 
!  ! in s,ch a way that the size of the orifice varies 
inversely with.the temperature of the air supplied 
to theburners, as measured by the element 
The sïgnal received through the means 7 from 
the temperature-sensitive element 7 is suitably 
magnifie-d by the amplifier 5 by the electrical 
energy recei.ved from the source of power 
Changes in the electrical signal, thus amplified 
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cause the servo,motor 5] fo rotate the gear 
5. Rotation of the gear . 55 is effective by way 
of the gear 54 to provide longitudinal adjust- 
ment of .the needle valve @2 and thereby acljust- 
5 ment of the fuel orifice  @ . Rotation of the gear 
!5 is also effective by way of the gear 65 to ad- 
just the potentiometer 5 fo restore the entire 
electrical apparatus to balance. In other words, 
with the change in electrical signal, the .servo- 
]0 motor 7 will operate to rotate the gear 5 
definitely un!ess compensation is provided in-an 
adjustment of resistance, and this is done 
through adjustment of the potentiometer 58.by 
the gear .! 
15 The ïuel orifice 5  is regulated by meansof 
a !ongitudinally adjustable needle valve 75, to 
which is connected a pivotally mounted ïndictor 
174, having a point moving along suitable indicia 
!75, representing desired temperature of coin- 
20 bustion products delivered by the burners to the 
gas turbine. The indicator ] and needle vle 
73 are Shown in a mean position. MoVement.of 
the need!e valve to the left, produced by clock- 
wise anguiar movement of the indica'tor, 
5 creases the effective opening of the fuel orifice 
16 and thereby increases the temperature tobe 
reached by the products of combustion of the 
burners going to the turbine. IViovement of the 
needle valve ! 73.to the right produced by counter- 
3O clockwise angular movement of the indicator 
will decrease the .effective opening of the fuel 
orifice 0a and thereby decrease.the temperatUre 
of the products of combustion produced by "the 
burners. 
35 The fuel chambers 3 and  above and below 
the diaphragm | are placed in communica- 
tion by a passage 7 formed in the body  t4.and 
having a restriction 77. Similarly, the air 
chambers  .7 and ! 2 ! are placed in communica- 
40 tion by-a passage  formed in the body 11-4 
and having a res_friction 79. The metered fuël 
chamber 43 is in communication with a cham- 
ber 79  fro" fuel formed by the cover ,$, the 
bridge portions !27, and the diaphragm 
 45 Communication is established through a passage 
$ formed in the body   and having a restric- 
tion .8| at the end adjacent the chamber 9. 
A passage 8 com]ects the chamber 79  with 
a chamber 3, formed below a diaphragm 
50 carying a projection 05 limiting the lower posi- 
tion of the diaphragm  8. Above the diaphragm 
$ ïs a chamber , which communicates by a 
line  with the unmetered fuel chamber. 
ttrough an opening $. The chamber $3 is 
55 connected with a chamber !$9 positioned bèlow 
the wall 9} having an.orifice 9| closed bya 
valve 92, as. shown in Fig. 3. Above the wall 
! is a chamber |9, xvhich .communicates 
through a line 9 with the metered,fuel cham- 
60 ber |43. The top of the chamber 93 is formed 
by a diaphragm 9, which is connected to the 
stem o the vàlve 92 and prevents ïuel from 
going frein the chamber 93 into a solenoid 
The solenoid S controls the valve 92 through 
65 a plunger $7, secured fo the stem of the vlv.e 
 in axial alignment therewith. The solenòid 
t9 is supplied by wires 9 and .|9b from a 
source of electrical power 9 c. Between the wire 
! and source :|9c is connected a speed-re- 
70 sponsive switch, which comprises spaced termi- 
na!s !9,d and |90 e, connected to the _line 
and a contactor af 9 ï, controlled by a means 
|95 responsive to turbine speed. More specifi- 
cally the means  may be associated with the 
75 propeller piteh control govmor, Propeller 
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speed is directly proportional to turbine speed. 
The propeller governor is normally arranged so 
that a certain pitch produces a given speed 
range. Different given speed ranges may be pre- 
selected and thus a position of the arm 06  be- 
tween the contacts i00 « and i06 may be pro- 
duced by different selected speed ranges. The 
arrangement is such that, when the turbine (or 
propeller) is operating in the desired speed range, 
the contactor .1@0 is positioned between the ter- 
minals i@0 « and i@0 e and out of contact with 
each.of them so that no current flows to the 
solenoid i@0. Under this condition, fuel pres- 
sure acting upwardly against the diaphragm i.3 
causes the plunger i@7 tobe displaced upwards 
from a central position in the solenoid i@@ and 
the valve @2 to close the orifice i@, all as shown 
in Fig. 3. When the turbine is not operating in 
the desired speed range, the arm i@0 will con- 
tact one of the terminals i@0 « and i@0 e causing 
current tobe supplied to the solenoid i@@, which 
now-moves the plunger i@7 downward to a cen- 
tral position and opens the valve i@2, placing 
the Chambers 0@ and @3 in communication. A 
spring i@0. acts against the plunger @7 to urge 
it downwards and thereby provides compensa- 
tion for fuel pressure in the fuel chamber 
The space above the diaphragm i90 is vented by 
an opening i @8". The air chambers 
are connected by a passage i@@, which is shown 
fo be closed by a valve 200. A spring 20 is con- 
nected at its right end to the body i4 below 
the diaphragm i4i in the unmetered fuel cham- 
ber i44. The left end of the spring 20i is en- 
gageable with a flange 202 formed on. the con- 
necting means i40- so as fo provide a yielding 
limit to upward movement of the stems i20 and 
i40 and a minimum opening of the regulating 
orifice i00-, formed by the valve i4@ and i00. 
A rod 2@2" slidably mounted in the body i4 
may be moved upwardly from the position shown 
to lift the spring 20i and thereby to remove the 
lower limit on the size of the regulating orifice 
|0@'. The fuel chamber has a drain plug 203. 
A fuel line 204 extends from a region of the 
metered-fuel chamber |43 immediately to the 
left of the fuel orifices |0 | and | 0 |. The line 
2@4 splits into branches 200 and 200, which lead 
fo pumps 207 and 208, which may be of the 
gear type. A relief line 20@ is connected te op- 
posite sides of the pump 2@7 and contains a relief 
valve 2|@. The pump 207 discharges through a 
line 2| | and a check valve 2  2 from which lead 
lines 2|3 and 2|4. The line 2|4 is formed into 
two branches 20 and 2|0. The latter line leads 
through a valve 2 7 to a flow divider 2 |8 from 
which separate lines go to individual burners. 
The line 2|0 forms part of a bypass for pump 207 
and leads to a valve 2@ formed of a body 220, a 
sleeve 22 positioned therein, a cover 222 and 
a balanced piston valve 223 slidable within the 
sleeve 22L The line 20 leads directly to an 
annular recess 224 formed in the body 220 about 
the sleeve 22. The annular recess 224 com- 
municates with the space between sections 220 
and 220 of the piston valve 223 by way of pas- 
sages 227 formed in the sleeve 22|. Passages 
228 in the sleeve 22| provide communication 
from the space between the piston valve sections 
220 and 220 and a drain line 22@ leading back 
fo the line 208. The drain line 22@ carries a 
float valve 230 for eliminating frein the line any 
trapped fuel vapors. The pump 208 is provided 
with a relief line 23| which is connected to op- 
posite sides of the purnp and carries a relief valve 

232. A conduit 233 leads from the discharge 
side oï the pump_ 2@0 and separates into two 
branches 234 and 230. The branch 234 is con- 
nected by a check valve 239 with the branch 213 
5 associated with the pump 207. The branch 230 
leads to the valve body 220 and communicates 
with the chamber between the piston valve sec- 
tions 225 and 228 by means of openings 237 
formed in the sleevê valve 22 I. The space above 
l0 the piston valve 223 is connected by a line 238 
with the conduit 204 and subjects the top side 
of the piston valve te the fuel Pressure in tl]e 
line 204. A coil spring 239 acts against the top 
of the piston valve-223 te urge it downwardly. 
1 An extension 240 formed on the top of the piston 
valve 223 limits upwa.rd movement of the piston 
valve. A short extension 21 formed on the 
lower side of the piston valve 223 limits its down- 
ward movement. The space below the piston 
20 valve 223 is connected by a lfl]e 42 having a 
restriction 243 te the discharge side of the trans- 
fer punp I0. Fundamentally, the control valve 
219 for the pumps 207 and 208 operates from 
the difference in intake and discharge pressures 
25 at the apparatus included in body 114, for the 
upper end of piston valve 21@ is subjected to 
the discharge pressure of the apparatus existing 
in line 284 and the lower end of the piston valve 
is subjected to the intake pressure of the ap- 
O,0 paratus existing in line 105 as communicated by 
line 242. lestriction 243 removes the effect of 
variations of intake fuel presstu.e of short dura- 
tion, and also dampens oscillations of piston 
valve 2i@ frein other causes. Spring 23@, acting 
35 on the upper end of the piston valve 223 assures 
that the piston valve assume a certain position 
along the length of the valve sleeve 22i for a 
given difference in intake and ourlet fuel pres- 
sures as trarismitted te the ends of the piston 
0 valve. 
A return line 244 leads from the line 2i8 te 
the conduit 159 on the intake side of the trans 
fer pump 100. Communication between the 
lines 216 and 244 is regulated by a piston valve 
 245 under the control of a speed govmnor 2 
responsive to ttu-bine speed. A relief line 2 
containing a relief valve 247 connects the intake 
and discharge sides of the transfer pump 10). A 
line 248 leads from the line 244 to the valve 217. 
0 A drain line 2@ is Connected to the valve 
During normal operation the valve 217 passes 
fuel frein the line 210 te the fuel divider 2. 
The valveis so constructed that when appropri- 
ately regulatel, it connects the flow divider with 
55 the line 24@ for draining the former and lines 
210 and 248 for passing the entire flow of fuel 
to he discharge side of the transfer purnp 
In operation of the above described apparatus, 
fuel is drawn frein the fuel tank i50 through the 
,0 booster pump 157 through conduits 158 and i59, 
the transfer pump 160, and the conduit i55 to the 
body 114, thr0ugh which it passes to the annular 
recess i54 and thence through the orifice 153 and 
annular recesses i51 and i52 in the outer fixed 
 sleeve valve 150 and past the upper edge of the 
movable inner, sleeve valve i4@ to the portion of 
the unmetered-fuel chamber i44 .'below the dia- 
phragm i4 I. lrom there the fuel moves to the 
metered fuel chamber i43 fo the left of wall 103 by 
7o way of the oriflces I  I and 18 I% the sizes of which 
are regulated in accordance with tem,perature of 
air going te the burners, as meastu-ed by the ele- 
ment i 72, and by desired temperature of products 
of combustion going from the burners to the gas 
ï3 turbine, as predetel'mined by an appropriate set- 
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ting-o+the indioetor ' 7+. neoriflces  8+ and +.[+6+ 
+oinçl com+itte Lme+ering+orice ruerons, 
pressure of the fuel is reduced in mccordmnce Wi+h 
+ho mmoun+ of res+riction proded m+ +hese 
oces -by the needle vls  nd++3, which 
+-adust .the orifices. Slnce theuetered-uel 
preure is greaer than the metered-îuel pres- 
sue, he diphgm J will be urged upwardly 
with-a-force dependent Upon the diffm'ence be- 
ween "these wo fúel pressures, which dierence 
is in turn-dependent upon the "square of he flow 
offuël past the orifices J  J and.J@ J. e .upwad 
ne-oreethrough fuel-pressure.dfference 
onhe aphmgm l ïs commucated to the 
rod . Thisupward.forceon Che roïs opposed 
bya downward force on the rod depenent upon 
"the dierence in air pressures acting-upon the 
upper and lower sides of the diaphragm J2. in 
the .a chambers  J  and 12. nd. transmitted 
there from sensing elemnts  an 1 
When the flow of Tuel is proper for the flow of air, 
the air-pressure dierence aoting .downwardly 
pon e diphram  s èffectively :balsnced 
by the uelpressure ifference actin upwardly 
on .the OEaphr -4J. us the valve $ h01ds 
i eston, and there 'is .no hane in the size 
of :the zeulatizg orifice fozmed by the valves 
- nd ..Let ït be assumed, for .the moment, 
that th vlve 2 is open. If the flow of ir to 
e burners changes in te, this hange wfll be 
sensed y the elements  and $, and 
change diEerence in pressure wfll be transmitted 
to :he dihra . If the rate of air flow in- 
cees, there ill be a reter air :pressure .dif - 
erece 6in downwary upen the diaphram 
, a for .the .moment the upward fuel-pres- 
sure ,ffferenc actin upon he :diaphragm  
 11 e effectivély less $hn the air pressure dif- 
ference acln upen the daphragm .  a re- 
-sUit, the .rods  and 6 .wfll move dovnwards 
causing the upper end of the mowble sleeve valve 
4 to prode tess of a restriction  the recesses 
and passges in the outer fixed vlve I . Thus 
the ïs a.n increse ïn the size of -$he egulating 
orifice, nd consequently, the flo of fuel 
creases. Since he-fuel flow increses, the drop 
in pressure :acrossthe orifices 6 and 
creuses, and thus there  .proded a greater fuel 
pressure difference acting upwards upon the dia- 
phragm [1. hen the increase in fuel-pressure 
dffference eectiely mahes.the increase in air- 
pressure dierence, downwar .movement f the 
valve .rods .:2 .and 6 and of the inner Sleeve 
valve {9 ceases. us a new fuel fiow hasbeen 
established, which is approprite to the new in- 
creased air .flow. If the air flow decreases, the 
opposite of 'the-bove descrid takes place. The 
effective force of he fuel pressure difference act- 
ing upwardly upon the d.iaphragm  is greater 
than .the effective force of-the air Pressure 
ference-ating downwardly upon the diaphragm 
22,-'an therefore, the vods :  and  and the 
inner sleeve ,valve 9 move upwardly. is ac- 
tion ecreses the size of the regulatg orifice 
Tormedby the vàlve p 9 and , and the 
fuel flow-decreases. Thus the fuel-pressure drop 
across .the orïfices :'$ and 6 « is decreased, and 
a lower upward pressure acts ast the dia- 
-hzagm . Thus balance is restored between 
he ir-pressure difference acting on the dia- 
phragm .:2 and the fuel-pressure difference ct- 
ing on the diaphragm   . 
Duzing the bove described :changes if has been 
presumed hat the .valve 9.2 was .ópen, and :this 
ws the case ff .he turbine ws net  the .desired 
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speed range, so that the solenoid was elec£rioelty 
energized fo bring the cote $91 to its:loerposi - 
tion. Let it .now be ussumed that the urbine:is 
operating in the desired speed .range. Now the 
5 solenoid t96 is no longer energized, and the 
plunger $81 brings the valve, tt2 fo closed .posi- 
tion unier the influence of the fuel pressure:act- 
=ing upwards agginst the diaphragm t:9. Now 
fuel in the chamber 19  camot escape by way 
10 of the line 2, chambers $$ and 69, orifice $9.$, 
Chamber 93 and line $ 9, .and the: only:outl'et 
from the chamber $9 is through the passage 
:S, but this passage has the restriction 
Which provides a rime delay.to suchscape. Thus 
5 he volume of fluid in the chamber 
change suddenly, and the diaphragm $.@ canner 
shift its position suddenly. Consequently, 
rods t29 and  and the inner sleeve valve 
cannot immediately move upwardly or down- 
0 wardly in response to changes in air fiow as trans- 
mitted as a pressure difference to .the diaphragm 
22. The rods and valve  can move ,only 
there is suiï2cient rime for fuel to flow through 
the restricted orifice 8! into or out-of the-fuel 
5 .chamber $ 9 . Thus changes in airfiow:of ahort 
duration bave no effect upon the 'fuel .flow, for 
temporarily the inner sleeve valve 9 remains 
i.n ifs .original position, and there-is no change 
in the size of the regulating orifice. Keeping the 
.»o ïuel apparatus from being sensitive to air-flow 
changes of a short duration prevents .unstble 
operation :of the apparatus, which may easily 
occur if the controls are made'sensitive to changes 
of a short duration in the use of the-apparatus 
=5 with the power plant shown in Fig. 1. 
If theair..tlow decreases sufliCiently, therod 
will ho urged upwardly with suiïicient :orce to 
cause the compression of the trapped fuel in the 
chamber i19  fo act against the diaphragrn 
O sufficiently to lift it and thereby to provide the 
appropïiate increase in space for the trapped fuel 
to permit the upwardmovement of the rods 
and Sand the inner sleeve valve forveduc- 
tion of the regutating orifice. IAfting.of the dia.- 
45 phragm 8 takes place when the pressure in the 
chamber t8 bas through compression tison 
rom metered-fuel pressure up fo or just .above 
the unmetered-fuel pressure existing above 'the 
diaphragrn 8. Thus for a large reduction in 
50 air flow there will be immediately-provided an 
appropriate reduction of fuel flow as a'precaution 
against overheating of the turbine due to too high 
a temporary ratio of fuel-flow rate fo :airflow 
rate. Thefuel fiow will hot immediately be: 
55 duced completely to the point where therutio of 
fuel flow fo air flow is the predeterminedvaluè, 
because this ratio can be:obtained only when 
fuel pressure in the chamber 19 is the saine 
as that in fuel chamber ! ! 1, and these pressures 
,O will be equal only when suiïicient fuèl bas escaped 
from the chamber 19 , and this requires rime. 
A large increase in air flow will hot ïmmediately 
bave the saine effect, because the resultant in- 
creuse in downwrd thrust upon the air dia- 
5 phragm t2 will only tend to increaie the volume 
of fuel trapped against immediate release from 
the space t  and associated parts. This ,will 
tend fo more the diaphragm 8 downwards 
achieve compensation by reduction of the size of 
70 he chamber 6, but the projection 8, attached 
fo the diaphragm prevents downward movement 
of the diaphragm. 
Under -starting conditions, it may be desirable o 
use'a tówer rate er fuel flow .than may he.allowed 
?5 by the minimum position estalished 'by the 



idle spring 2Of. :In this event, the rod 202 sis 
pushed upwards fo raise the spring 20 f and there- 
by fo permit the inner sleeve valve |49 fo more 
upwards in response fo the air-pressure difference 
urising from low air fiow and thereby reduce the 
regulating orifice fo make possible the new de- 
sired minimum fuel fiow. Ai other conditions if 
may be desh'able fo have a constant fuel fiow, for 
example, a minimum fiow permitted by the return 
of the idle spring 20| fo the position shown in 
Fig. 3, regardless of the air conditions measured 
by the elements f|5 and IfS. In this event, the 
valve 200 is turned 90 ° from the position shown in 
Fig. 3 fo place the portions of the air chambers 
ff7 and f2f in direct communication with one 
another for equalizing as much as possible, the 
 air pressures on the two sides of the diaphragm 
f22. 
It has previously been assumed that the effec- 
tive size of the meterinç orifice |6 bas remained 
constant, because the temperature of air flowing 
to the burners has hot changed, and therefore, 
the temperature-ïesponsive element 72 has hot 
acted through various described control means to 
adjust the longitudinal position of the needle 
valve  62. If now the temperature of air going fo 
the burners increases, the needle valve f62 is 
moved to the right, reducing the effective size of 
the orifice f6|. This means a greater restriction 
of the fuel flowing past the orifices and conse- 
quently, u lower fuel-flow rate for a given pres- 
sure drop across the orifices. As the size oï the 
orifice f6f is decreased, the pressure drop may, 
for the moment,, increase and this produces an 
upward movement of the rods f25 and f46 and 
the valve |4. Thus there is a reduction in flow 
through the regulating orifice ïormed oï the valve 
parts fS0 and f S f, and this reduction in flow 
brings about a reduction in pressure difference 
ucross the orifices f6f and f6 f to obtain a return 
of the original ïuel pressure difference acting on 
the diaphragm f4f fo match the air-pressure 
difference acting on the diaphragm 2. Thus 
the rate of air fiow has remained the saine, but 
the rate of fuel fiow has been decreased as the 
temperature of air fiowing fo the burners has in- 
creased. Thus the ratio of fuel fo air has de- 
creased, whereby there is provided a suitable bal- 
ance for the increase of air temperature in main- 
enance of a constant temperature of products of 
- combustion leaving the burners. Decrease in the 
temperature of air fiowing fo the burners has the 
opposite effect. In this case, the needle valve 
moves fo the left increasing the effective opening 
of the orifice | 6 . Thus the restriction of the fiow 
of fuel across orifices 6 and 6 is decreased, 
and there may be a similar pressure drop across 
these orifices. The decrease in pressure drop is 
transmitted fo the diaphragm  4 , which now re- 
ceives less force fo oppose the force applied by air 
pressure difference fo the diaphragm , and the 
rods f25 and f46 and the valve sleeve f49 may 
move downwards fo increase the size of the regu- 
lating orifice formed by the valve sleeves f50 and 
|5f. This produces an increased fuel flow, in- 
creasing the pressure drop across the orifices 
and f 6 f s to restore balance between the fuel-pres- 
sure forces acting against the diaphragm 14 f and 
the air-pressure forces acting against the dia- 
phragm f22. Thus the air-flow rate has remained 
the saine, while the fuel flow rate has in- 
creased, and so there has been provided an in- 
crease in the ratio of fuel flow to air flow. Thus 
there is provided a compensation for the decrease 
in the temperature of air flowing to the burner in 
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maintenance of a constant temperature of prod- 
ucts of combustion fiowing from the burners fo 
the turbine. 
If a greater temperature is desired for the 
5 products .of combustion passing from the burn- 
ets fo the turbine, indicator 74 is moved in a 
clockwise direction thereby moving the needle 
valve 7 to the left and increasing the effective 
size of the orifice 6| a. Thus, for the moment, 
10 the pressure drop across the orifice is reduced . 
for the flow of fuel remains constant, and tle 
fuel-pressure difference acting upwardly against 
the diaphragm   is reduced. Thus the balance 
between the air-pressure forces and the fuel pres- 
15 sure forces is disturbed, and thus sleeve valve 
moves downwardly increasing the regulating ori- 
fice formed between the valves 9 and §6. This 
increases the fuel flow and the pressure drop 
across the orifices 6 and 6| a. Thus balance 
20 is restored between the diaphragms 2 and  
The air-flow rate has remained the saine, and 
the fuel fiow rate has increased. Thus there is 
an increase in the ratio of fuel flow fo air flow, 
and since the temperature of air flowing fo the 
25 burners has been assumed fo remain constant, 
the increase in ratio of fuel to air must result in 
a greater temperatu'e of products of combustion 
produced by the burner. Similarly the tempera- 
ture of products of combustion may be reduced 
30 by greater restriction of the orifice 6 by the 
needle valve  
After the fuel passes through the metering ori- 
fices | 6  and  6 , it goes through the conduit 
24 to the pumps 207 and 28. If the pump 207 
35 is functioning properly, the entire output of the 
pump 08 will be bypassed, with the parts in the 
position shown in Fig. 3, through the openings 
27, the space between the piston valve sections 
25 and 226, the sleeve openings 28, and the 
40 return line 22 back to the intake side oï the 
pump 288. A portion of the output oï the pump 
07 will be bypassed tl'ough the line 5, the 
sleeve openh]gs 27, the space between the piston 
valve sections 5 and 6, the valve sleeve open- 
45 ings 228, and the return line 22 to the intake 
side of either pump 286 or pump20L The por- 
tion oï the output oï the pump 26 that is not 
bypassed as aforesaid, is delivered through the 
]ine 2  6 and the valve 2  7 to the flow divider 2  
50 whence if proceeds to the individual burners. 
The position of the valve 2 will determine the 
relative portions oï the output of the pump 207 
that are bypassed through the line    and deliv- 
ered to the burners through the line 6. The 
55 position of the valve 22 is determined by the 
pressure of fuel above the valve piston section 
25, which is by the difference between the pres- 
sure existing in the line {] leading fo the pumps 
{}7 and 28 and the pressure in line 2, with 
60 the aid of the coil spring 2S. If it be assumed 
that the pressure in line 2 is constant (and 
this is generally the case) then the greater the 
pressure in the line 04, the lower the position of 
the valve 2, the more the piston valve section 
65 225 covers the ports 7, the less the amount of 
output by the pump {]7 bypassed through the 
line 5 and the sleeve valve openings 27, and 
the greater the amount of the output of the pump 
07 going through the line 2|6 to the flow divider 
i0 28 and to the openings. Thus there is a tend- 
ency fo maintain the constant pressure in the 
line {}4 or on the intake side of the pumps 
and 2{}8, for the greater this pressure becomes, 
the greater the relative amount of the pump out- 
7.5 put delivered fo the burners. If pump 07 fails, 



presurnably the output pressure of the purnp falls 
very low, and the fuel pressure on the intake 
side reaches a high level. Consequentiy, two 
things happen: pump 208 delivers fuel through 
line 254, check valve 236, and lines 2, 214, and 
215 to the fioxv dlvider 28; and the piston valve 
225 is depressed under the increased fuel pres- 
sure in the line 2{}4 until the sleeve valve open- 
ings 227 are completely closed, and the sleeve 
valve openings 237 are at least partially closed, 
thereby reducing the amount of fuel bypassed 
from pump 2{}8 by way of line 25 and retm'n 
line 229. If pump 2{}7 again functions properly, 
pressure in the line 2{}4 will be sufficiently low- 
ered as a result of fuel delivered by purnps 2{}7 
and 2{}8 fo cause the piston valve 22 to fise untfi 
the output of pump 2{}$ is bypassed by virtue of 
complete uncovering of the valve openings 237, 
and a portion of the output of pump 2{}7 may be 
bypassed by a partial uncovering of the valve 
openings 227. 
The terre "air" when used in the claire is 
intended to mean any appropriate combustion- 
supporting mediurn. 
I claim: 
In combination, in a gas turbine power plant, 
a burner for the gas turbine for supplying gase- 
ous products of combustion of fuel and com- 
pressed air thereto, means forming a path for 
the flow of fuel to the humer, means forming a 
path for the flow of compressed air to the burner, 
means forming a regulating orifice in said fuel 
path, means forming first and second metering 
oriflces in parallel with one another in said fuel 
path, means associated with the metering orifices 
for making a measurement of the ïuel-flow rate 
in the fuel path, means for making a measure- 
ment of the air-fiow rate in the compressed air 
path, means responsive fo the relation of the two 
just-.named measurements for adjusting the reg- 
ulating orifice to maintain a predetermined ratio 
of fuel-fiow rate fo ir-fiow rate ai a given tem- 
perature of compressed air fiowing fo the burner, 
 a temperature-sensing elernent for producing an 
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elecrtcal signal and being interposed ai the 
entrance fo the burner in the compressed air 
path, a restrictive member in the first metertng 
orifice for adjustably restricting the first meter- 
5 ing orifice, an electrical amplifier device having 
automatic means for adjusting the position of 
said restrictive member in the first metering ori- 
fice and being actuable by the electrical signal 
from the temperature-sensing element to in- 
10 crease the restriction and thereby increase the 
leanness of the fuel/air ratio in response fo in- 
crease of compressed air temperature, a manu- 
ally operated valve in the second meterlng orifice 
ïor adjustably restricting the second metering 
15 orifice, and manually set means having indtcia 
and being connected to the valve for adjusting 
the restriction of the second metertng orifice 
clirectly in order fo select the desired tempera 
ture of combustion products as indicated by the 
20 said indicia so as fo 1roduce different predeter- 
mined values of temperature of combustion 
produets. 
PAUL W. WYCIOFF. 
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